Fe 3 GeTe 2 (FGT), a layered conducting ferromagnet, is an important member of the van der Waals (vdW) material family that has attracted a great deal of attention [1, 2] . Similar to other known vdW ferromagnets such as Cr 2 Ge 2 Te 6 and CrI 3 , FGT possesses the magnetic anisotropy perpendicular to the atomic layers which is retained down to monolayers. Different from the others, FGT stands out due to the following attractive properties. First, not only do FGT bulk crystals have the highest Curie temperature T c (~230 K), but monolayer FGT also has the highest T c , (130 K), when compared to their vdW ferromagnetic counterparts [1, 3, 4] . Furthermore, the T c of thin FGT can be dramatically elevated to room temperature using electrostatic gating [2] .
Second, few-layer thick FGT films have been successfully grown by molecular beam epitaxy [5] , which makes ultimate wafer-scale monolayer all-vdW heterostructure fabrication possible. Third, while the other vdW magnets are semiconductors or insulators, FGT is a ferromagnetic metal which allows for studying its magnetism via magneto-transport measurements. In conventional devices using conducting ferromagnets with perpendicular magnetic anisotropy (PMA) such as CoFeB, spin-orbit torques (SOT) have been exploited for switching the magnetization [6] . SOT efficiency, the figure-of-merit for this application, contains both intrinsic properties such as the spin Hall angle of the heavy metals serving as the spin current source and extrinsic properties such as the transmission coefficient. The latter depends on the ferromagnet/heavy metal interface quality. Because of the vdW nature that provides atomically flat interface, FGT has the potential of having high SOT efficiency for switching its magnetization, especially in all-vdW heterostructures.
In this work, we investigate the SOT effects in FGT/Pt heterostructure devices containing thin exfoliated FGT and sputtered Pt. In such devices, the spin Hall effect in Pt produces a pure spin current which enters the FGT layer and exerts on it both field-like and damping-like torques [7] . Different from magnetic insulator devices in which the magnetization state is read out by the induced anomalous Hall effect (AHE) in Pt via proximity coupling [8, 9] , the large AHE response in FGT lends itself a sensitive detector of its own magnetization state. To quantify the effects of SOT, we carry out two types of measurements: pulsed current switching and second harmonic Hall measurements. From both measurements, we demonstrate that the SOT efficiency in FGT/Pt is significantly larger than that in devices containing conventional three-dimensional (3D)
magnets. In addition, we have observed SOT-induced switching of FGT magnetization with high switching efficiency. Supplementary Fig. 1 ). The overall temperature dependence of resembles but slightly steeper than the mean-field magnetization of FGT (see Supplementary Fig. 3 ). We note that the low-temperature value ranges from 285 to 393 emu/cm 3 [11, [15] [16] [17] [18] [19] . Since most of our SOT experiments are carried out at 180 K, we take =170 emu/cm 3 at 180 K from ref. 11, which is the lower-bound value for FGT. Using this value and the measured anisotropy field , we obtain the minimum uniaxial PMA energy of 1.1×10 7 erg/cm 3 at 180 K, which is nearly two orders of magnitude greater than that of CGT of
To fabricate FGT/Pt bilayer devices for the SOT study, we adopt the fabrication processes as represented in Fig. 2 . FGT flakes are first exfoliated from a small crystal shown in Fig. 2 (a) and placed on a Si/SiO 2 wafer. As schematically shown from Fig. 2 (b) to 2(e), a suitable flake is chosen ( Fig. 2(b) ) and covered with a 5 nm layer of Pt ( Fig. 2(c) ) by sputtering. Cr (5 nm)/Au (85 nm) electrodes are formed by EBL, e-beam evaporation, and liff-off ( Fig. 2(d) ). The continuous Pt film covering the flake is etched by inductively coupled plasma to form isolated
Cr/Au electrodes ( Fig. 2 (d) ). The scanning electron micrograph of a final device is shown in Fig. 2(f). Atomic force microscopy (AFM) imaging of both FGT and FGT/Pt (See Supplementary Fig.   2 ) indicates atomic level flatness with the root-mean-square roughness of 0.2 nm, which is smaller than the atomic step height of FGT (0.8 nm) [2] . Fig. 3 (a) is the schematic illustration of our FGT/Pt device for the SOT study. When a charge current passes in both Pt and FGT layers, the former generates SOTs to act on the magnetization of the latter. In the pulsed current switching experiments, we pass current pulses increasing in amplitude and interrogate the FGT magnetization state by measuring the AHE resistivity, , after each pulse through a small constant current bias. As the current reaches a threshold, the magnetization state of FGT switches and produces a sign reversal of . We measure the critical currents for different in-plane fields. To more accurately determine the current flowing in Pt which is responsible for the SOT acting on FGT, we use a parallel resistor model with resistivities measured separately for 5 nm Pt on SiO 2 and 53 nm FGT flake (See Supplementary Fig. 3 ).
Before turning on sizable SOT, we first prepare the initial state of the FGT magnetization by applying an in-plane field . performing the same extrapolation in Fig. 3 To further quantify SOT, we perform second-harmonic (2) Hall measurements on FGT/Pt devices with the measurement geometry shown in Fig. 4(a) . More details and application of the method were described in refs. [21, 22] . We measure the 2 responses in the Hall resistance, here  being the frequency of the AC current passing through the device. The 2 signal is present only if there is a SOT acting on the magnetization. This harmonic signal is recorded as a function of a rotating in-plane magnetic field. We rotate the magnetization with an in-plane magnetic field of fixed magnitudes that are higher than H k and measure the second harmonic Hall signal .
As indicated in Eq. 1 below, consists of both and terms, here being the azimuthal angle between the magnetic field and current direction,
In Eq. 1, the term contains the damping-like SOT contribution via AHE, [9] and 0.015-0.02 in [23] ). Interestingly, our minimum compares very well with the highest value of ≈0.15 for CoFeB/Pt in literature [24] .
Both the switching efficiency and SOT efficiency in FGT/Pt are higher than or comparable with those in conventional SOT devices fabricated with 3D magnetic materials. It is worth pointing out that the single-domain requirement for Eq. 1 is fulfilled in the second harmonic Hall measurements, so that extracted from our experiments is reliable. By using the minimum M s , this represents the lower bound value for SOT efficiency. The reason for this very high SOT efficiency in FGT/Pt is currently not completely understood. Here we believe that the excellent interface resulting from atomically flat FGT surface plays an important role; therefore, the high SOT efficiency may be common to heterostructures fabricated with other vdW ferromagnets.
In summary, using both pulsed current switching and harmonic Hall measurements, we have demonstrated highly efficient SOT effects and magnetization switching in heterostructures containing a few-layer vdW ferromagnet and Pt. Since the atomic flatness of the vdW ferromagnets is an inherent property of the materials, it is expected that the high-quality interface can be retained even down to monolayers. Due to the strong PMA, switching of monolayer FGT can be potentially achieved with a much lower critical current density, which leads to much more efficient spintronic nanodevices.
Methods

Device fabrication
For the FGT device, the flake is exfoliated onto a Si/SiO 2 substrate followed directly by spin coating 200 nm of PMMA and baking on a hotplate in air at 120 ⁰C for 3 minutes. This low temperature helps protect the FGT flake from degradation and oxidation. Electrode patterns are then formed by EBL followed by sputtering a 30 nm of Pt. Before deposition of the electrodes, the contact region is plasma cleaned in the sputtering chamber with 15W Ar plasma at a pressure of 30 mTorr for 30 sec. Directly after liftoff, the device is mounted and loaded into an evacuated cryostat where the transport measurements are performed.
For the FGT/Pt devices, the flakes are exfoliated onto a Si/SiO 2 substrate and instantly transferred into the loadlock of our sputtering system which is evacuated to a base pressure of 10 
